Capsule components of two strains of a granulosis virus (GV) which infect the armyworm (Pseudaletia unipuncta) consist of capsule proteins and, in one strain, a synergistic factor, which had higher affinities for hexylamine than the viral components of the enveloped nucleocapsids. The synergistic factor in the capsule of the Hawaiian GV strain was separated from the capsule components using agarose gel coupled with antibody against the synergistic factor. Analysis by peptide mapping showed that the capsule proteins of the two viruses were similar, but that the synergistic factor differed markedly from them in its constitution.
INTRODUCTION
Two strains of a granulosis virus, the Hawaiian (GVH) and Oregonian (GVO) strains, infect the armyworm, Pseudaletia unipuncta (Tanada & Hukuhara, I971 ). The rod-shaped enveloped virion is occluded in a crystalline protein matrix to form an occlusion body called a capsule. The capsule matrix contains one major protein (capsule protein). The capsule of GVH contains a synergistic factor which enhances the infection of a nuclear polyhedrosis virus (NPV; Tanada & Hukuhara, 1970 . The mol. wt. of the capsule protein of GVH is 28700, that of GVO is 29 IOO, and that of the synergistic factor is I26OOO (Yamamoto & Tanada, 1978a, b) . The synergistic factor contains a phospholipid and its activity is inhibited by phospholipase c but not by sodium dodecyl sulphate (SDS), trypsin, and phospholipase a (Yamamoto & Tanada, I978a) .
The capsule matrix of GV contains an alkaline proteinase(s) that is activated when the capsules are dissociated in alkali. The proteinase has to be removed from the capsule or be inactivated in order to obtain the intact capsule protein. Summers & Smith 0975/1976) . isolated the capsule protein by thermal inactivation of the proteinase followed by preparative SDS polyacrylamide gel electrophoresis (PAGE). These are drastic conditions since heat could denature the capsule components and the SDS could dissociate the complex proteins. We reported previously a less drastic method of removing the proteinase by washing the GV capsules with I M-NaC1 (Yamamoto & Tanada, I978a) . The intact capsule protein prepared from proteinase-free capsules is highly aggregated and the synergistic factor cannot be isolated from such proteins by conventional methods (Hara et al. I976; Yamamoto & Tanada, 1978a) .
We report here on the purification of the proteins of the capsule and of the synergistic factor by affinity chromatography from proteinase-free capsules and on the peptide mapping of these proteins. oo22-1317/79/oooo-3653 $02.00 ~) I979 SGM T. YAMAMOTO, H. KITA AND Y. TANADA
METHODS
Capsules. The purification of capsules by differential centrifugation and filtration was according to the method of Yamamoto & Tanada (I978 c) but with the following modification for proteinase-free capsules. Infected sixth-instar larvae (about 2oo) were homogenized with 5o g of crushed ice and 1oo ml 2 M-NaC1, and the mixture was centrifuged at 3oooo g for 20 min. The pellet was resuspended in I M-NaC1 and centrifuged. The centrifugation was repeated twice more with I M-NaC1 added each time. After the NaCl-treatment, the capsule purification followed the method of Yamamoto & Tanada (1978c) .
Capsule components. Purified capsules (Io mg/ml) were dissociated in o.o2 N-NaOH for less than I min and then centrifuged at 3oooog for t5 min. The supernatant, after dialysis against Io mM-tris-HCl, pH 8, for 16 h, was subjected to affinity chromatography with hexylamine immobilized agarose gel column (hexylamine-gel column).
Antibody. The synergistic factor used as antigen was purified from proteinase-active capsules by the method described by Hara et al. (I976) . The antigen was inoculated into rabbits and the antiserum was collected (Yamamoto & Tanada, I978b). The immunoglobulin was precipitated three times with 5o~ saturated ammonium sulphate and the final precipitate was dissolved in IO mM-tris-HC1, pH 7. The purified antibody to the synergistic factor was obtained from the immunoglobulin fraction by affinity chromatography with an agarose gel column, the ligand of which was the capsule component of GVH.
Affinity chromatography. The agarose gel (Bio-Gel A-5om, Bio-Rad Laboratories, Richmond, Calif.) was activated with CNBr and the capsule components, the antibody to the synergistic factor, or the hexylamine (Eastman Kodak Co., Rochester, N.Y.) were immobilized on it by the method of Cuatrecasas (I97O). The ligand-immobilized gel was washed first with o'5 M-NaC1, then with o.ot N-NaOH and finally with Io mM-tris-HC1, pH 8. The solubilized capsule components were applied either to the hexylamine-gel column or to the agarose gel column coupled with antibody to the synergistic factor (anti-SF-gel column). The columns were washed with o'5 M-NaC1 buffered with IO mM-tris-HC1, pH 8, and then eluted with o-ol N-NaOH. The eluate was neutralized immediately with one-tenth vol. of I M-tris-HC1, pH 8.
The antibody to the synergistic factor was prepared from the immunoglobulin by fractionation in an agarose gel column that had been coupled with the capsule components of GVH (GVH-gel column) as follows. Two hundred mg of GVH capsule components were immobilized on 2o ml of the agarose gel. The immunoglobulin fraction obtained from 2o ml of serum was applied to the column and chromatography was conducted as described above. The process was repeated with another immunoglobulin fraction obtained from 2o ml serum. The neutralized eluates were combined and dialysed against the coupling buffer (o.I M-NaHCOa÷o'5 N-NaCI). After dialysis, the antibody was immediately immobilized on a CNBr-activated agarose gel.
All chromatographic procedures were conducted at 4 °C and monitored with a Gilson spectrophotometer model HM (Gilson Medical Electronics, Middleton, Wisc.).
Immunoelectrophoresis. Fused-rocket immunoelectrophoresis was performed on a IO × to cm glass plate with I-2~ agarose (Calbiochem, La Jolla, Calif.) containing antiserum (I/~l/cm ~) and 5o mM-tris-acetate, pH 8.2. A portion of the agarose gel, 2× IO cm, was removed and plain 1.2 ~ agarose gel containing only buffer was cast in its place. Sample holes were punched on the plain agarose gel and filled with the fractions from chromatography. After diffusion for 2 h, the electrophoresis was conducted at 5o V for I6 h. apparatus, which was held vertically, was similar to that described by Reid & Bieleski 0968). A IO~ acrylamide gel containing 5o mM-tris-acetate, pH 8.2, and o.I ~ SDS was used without the stacking gel. The same buffer at IOO m~ was used as an electrode buffer. A 5o#1 sample with a concentration of I to 3 mg/ml protein was first mixed with I2"5 #1 of Io~ SDS containing 5~ ¢]-mercaptoethanol and then boiled for 2 min. After cooling at 2o °C, 12"5 td of 5o~ glycerol were added. From I to 2 #1 of sample was charged on the gel and electrophoresis was conducted at IOO V for 2 h. The gel was stained with Coomassie brilliant blue R-25o and traced with a densitometer (Quick Scan Flur-Vis, Helena Laboratories, Beaumont, Texas) equipped with Kodak Wratten filter No.99.
SDS-polyacrylamide gel electrophoresis (SDS-PAGE
Bioassay of synergistic activity. One part of the column eluate was mixed with one part of a NPV suspension. Each larva was fed a 4/zl mixture with a microapplicator and incubated at 25 °C. After 7 days, the larvae were dissected and portions of midgut, fat body and trachea were examined for NPV infection.
Amino acid analysis. Samples of about Ioo/zg were added to o'3 ml of 4 y-methanesulphonic acid containing o.8 mg tryptamine and hydrolysed at IIO °C for 24 h. The analysis was made with a Hitachi KLA 5B amino acid analyser (Hitachi Ltd., Tokyo, Japan).
Peptide mapping. One hundred #g of each sample were dissolved in 5o/zl of I ~oo NH4HCO3
and digested with 2/zg of trypsin (TPCK-treated, Worthington Biochemical Corp., Freehold, N.J.) or chymotrypsin (3 × cyrstallized, Sigma Chemical Co., St Louis, Mo.). After digestion for 5 h at 37 °C, the samples were lyophilized and dissolved in a small amount of water. The peptide mapping was conducted on a cellulose pre-coated thin-layer plate (E. Merck, Darmstadt, Germany). In the first dimension, the plate was chromatographed with n-butanol:pyridine:acetic acid:water (I5: Io:3: 12, by vol.) for 6 h at 2o °C. For the second dimension, the electrophoresis was conducted with pyridine:acetic acid:water (I : Io:89, by vol., pH 3"5) at Iooo V for 5o min. After electrophoresis, the plate was sprayed with o.I ~ fluoroescamine followed with 5~ pyridine in acetone. The spots of peptides were located under u.v. light. Fig. l(a) , which was eluted with alkali, was concentrated in a cellophane tube under reduced pressure and dialysed against Io mMtris-HCl, pH 8. The dialysed sample was analysed by SDS-PAGE. The arrow indicates the synergistic factor.
RESULTS

Purification of capsule components
When highly purified, proteinase-free capsules were dissociated in 0-02 N-NaOH, the soluble fraction contained capsule components that were slightly contaminated. The contaminating substances were removed by affinity chromatography with an hexylamine-gel column (Fig. I) ; the capsule components showed a greater affinity for the hexylamine-gel than the enveloped virions. The elution pattern of capsule components of GVH is given in Fig. 1(a) . When a mixture of solubilized capsules and enveloped virions of GVH was applied to the column, the enveloped virions were eluted with buffer in the first peak (Fig. I b) . The capsule components that were eluted with o.oI N-NaOH were analysed by SDS-PAGE (Fig. 2b) and did not show any of the contamination that appeared in the * Synergistic factor was purified with an anti-SF-gel column and two independent chromatographies were made for tests I and 2. The final concentrations of NPV were 1o 6 polyhedra/ml for test 1, and io 5 polyhedra/ml for test 2. Results are given as number of infected larvae/total larvae tested.
? The highest fractions in the three peaks, the protein concentrations of which were 23 mg/ml, o'69 mg/ml, and o'53 mg/ml in peak I, peak 2, and peak 3, respectively, were tested without dilution.
The protein concentration of the combined fractions of each peak was adjusted to 0-25 mg/ml by dilution with 1o mM-tris-HCl, pH 8. initial dissolution of the capsules (Fig. 2a ). The synergistic factor in GVH appeared in the peak eluted with alkali ( Fig. 2b, arrow) .
Isolation of the synergistic factor from capsule protein
The capsule components of GVH were fractionated with an anti-SF-gel column, the elution being made stepwise with different solvents (Fig. 3) . The first peak was eluted with the buffer, to mM-tris-HCl, pH 8; the second with a mixture of o'5 M-NaCI and buffer; the third with o.ot N-NaOH. The three peaks were each concentrated in cellophane tubing under reduced pressure and their synergistic activities were tested (Table t) . Only the third peak had high synergistic activity.
The purity of each peak was examined by fused-rocket immunoelectrophoresis. The first . SDS-PAGE patterns of the purified capsule proteins and the synergistic factor. Capsule components of GVH and GVO were purified initially by affinity chromatography with an hexylamine-gel column. Further purification was made for the capsule protein of GVH and the synergistic factor with an anti-SF-gel column. peak contained two components, the synergistic factor and the capsule protein (Fig. 3b) . It was repeatedly chromatographed with the same column, until the capsule protein free of the synergistic factor was obtained (Fig. 3c) . The final preparation of capsule protein and the purified synergistic factor were analysed by SDS-PAGE (Fig. 4) , which confirmed the purity of each preparation.
T. Y A M A M O T O , H. K I T A A N D Y. T A N A D A
Amino acid composition
The amino acid composition of the capsule components is given in Table 2 . The capsule proteins from the two GV strains were almost identical in their amino acid compositions, which, however, differed significantly from that of the synergistic factor.
Peptide mapping
The peptide maps of the capsule components digested by trypsin and by chymotrypsin are given in Fig. 5 . Both the tryptic and chymotryptic peptides of the capsule proteins of GVH and GVO showed very similar patterns. These patterns, however, differed greatly from that of the synergistic factor. Fig. 3 -Purification of synergistic factor by affinity chromatography. The purified capsule components of GVH (47 mg protein in 5 ml lo mM-tris-HC1, pH 8) were charged on an anti-SF-ge! column, 1.2 cm in diam. and 3 cm in length. The samples were eluted step-wise first with xo mMtris-HCl, pH 8, then with 0"5 M-NaC[ buffered with the same tris-HCl and finally with o.oI N-NaOH. (a) A trace of elution pattern by absorbance at 280 nm; (b) fused-rocket immunoelectrophoresis with the antiserum to GVH capsule components showing the number of components in each peak. The arrow points to the synergistic factor that had not been removed from the capsule protein by the inital chromatography; (c) the first peak of (b) was chromatographed repeatedly with an anti-SF-gel column and the final eluate was monitored by fused-rocket immunoelectrophoresis. Note the absence of the synergistic factor in the first peak. In (b) and (c), the plates contained l/zl/cm 2 of antiserum to GVH capsule components. . See text for the method.
DISCUSSION
There is a hydrophobic affinity between a protein and an acylamine, so that acylamine gel can be used to absorb hydrophobic proteins, e.g. lipoproteins (Deutsch et al. I973). Lipids have been detected in the GV capsules (Yamamoto & Tanada, 1977) . in addition, the synergistic factor contains a phospholipid that is an essential component for its enhancing activity (Yamamoto & Tanada, I978a ) . It is possible that these lipids are involved in the affinity of the capsule protein and the synergistic factor to the hexylamine-gel column. The elution of the absorbed proteins on an hexylamine-gel column was most successful with detergents, alcohol and alkali. We selected alkali because of its easy removal after chromatography and it gave the best yield of the capsule components.
Although the anti-SF-gel column used in the affinity chromatography takes considerable time to prepare, the column once made could be used at least 5o times during a period of one year. With this method, we separated and purified both detergent-free and intact capsule proteins and synergistic factor.
Since trypsin digests adjacent to lysine and arginine residues, the calculated number of peptides from the amino acid analysis (Table 2) are 29 and 3I, respectively, for GVH and GVO capsule proteins; the numbers of peptides observed on the maps were 29 for GVH and 27 for GVO (Table 3 )-These numbers are close enough to conclude that the capsule proteins of the two GV have mol. wt. of around 29000 and each capsule protein consists of one polypeptide. Chymotrypsin is somewhat less specific than trypsin, but it digests the carbonic side of phenylalanine and tyrosine residues. The calculated numbers of peptides produced by the digestion of the capsule proteins by chymotrypsin are close to the numbers counted on the maps (Table 3) our previous results that the capsule protein had a tool. wt. of 28700 for GVH and 29 IOO for GVO (Yamamoto & Tanada, 1978b) . The peptide maps of the capsule proteins of GVH and GVO were similar. This supports our previous findings that the capsule proteins of the two GV strains are serologically related (Tanada & Watanabe, 1971; Chang & Tanada, 1978; Yamamoto & Tanada, I978b) . SDS and fl-mercaptoethanol, which generally break down complex proteins, do not dissociate the synergistic factor even with boiling. Analysis by SDS PAGE of the synergistic factor shows only one peak, and its estimated mol. wt. of 126000 is close to that determined by gel filtration (Hara et al. 1976; Yamamoto & Tanada, I978a) . There were fewer polypeptides than expected from the amino acid composition based on the above tool. wt. This suggests that the synergistic factor is composed of either several different polypeptides with phospholipid or one polypeptide with phospholipid. The fact that phospholipase c together with SDS dissociates the synergistic factor into several small polypeptides of tool. wt. 28ooo to 98ooo (Yamamoto & Tanada, 1978a) supports the suggestion of there being several polypeptides. The isolation of large quantities of synergistic factor by affinity chromatography would make it possible to analyse more thoroughly the structure of the synergistic factor and the associated phospholipid.
Other baculoviruses have been characterized by their peptide maps of inclusion body proteins (Summers & Egawa, I973; Summers & Smith, T975, 1975/I976; Cibulsky et al. r977; Maruniak & Summers, I978) . We are not able to compare our peptide maps with those of the others because of differences in the methods used for mapping. Moreover, in some of the other studies, the complete inactivation of the proteinase and the purity of the capsule protein had not been established.
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